The National Ignition Facility (NIF) is one of the highest fluence neutron sources provided by the nuclear fusion of deuterium and tritium nuclei. One of the resultant products is 14.1 MeV neutrons which provide key information to the conditions in which they were formed. The degree of polar and azimuthal symmetry of the neutron flux is a key metric for the performance of the capsule, thus a spatially-resolved measurement of the neutron distribution is critical. Implementing a suite of 48 lanthanum bromide detectors with zirconium activation samples around the target chamber has been developed to measure the neutron distribution. The system provides near real-time time estimates of the neutron fluence distribution. It is designed to operate over six orders of magnitude of neutron yield, providing overall yield estimates precise to 2%. The system is designed to operate continuously through the NIF shot cycles, accommodating high data rates. We will describe the nuclear counting system, data acquisition and archiving, analysis, and yield distribution results for some NIF high yield shots.
INTRODUCTION
The Real-Time Neutron Activation Diagnostic (RT-NAD) system is a network of individual neutron detectors. By precisely measuring the number of neutrons emitted from a fusion target experiment at different angles around the target chamber, the experimenters can reconstruct a 3D map of the fusion source and fuel. Adiabat-shaped shots had significant measured low-mode asymmetries with RMS d(rR)/rR of ~0.2. [ 1 , 2 ] . Downscattered neutron images [ 3 ] and Flange Neutron Activation Diagnostics (FNAD)s [ 4 ] are showing a consistent picture of the DT fuel asymmetries [ 5 ] . The typical high-foot (HF; as well as most other) implosions on NIF do not show uniform activation levels but instead show lower levels of activation at the poles.
[ 6 ] An improved hohlraum resulted in uniformity improvement by 1.2-1.7x [ 7 ] . However, angular sampling of the existing FNAD system was insufficient to characterize perturbations beyond a spherical harmonic mode of l=2. Improving the angular sampling and spatial coverage requires a system capable of operating remotely, without reliance on manual retrieval and offline nuclear counting of activation samples. The RT-NAD detector was developed to remove this limitation [ 8 ] , and implemented in a practical and scalable way [ 9 , 10 ].
CONCEPT OF OPERATIONS
An individual detector consists of a target activation material, a lanthanum bromide scintillator crystal and photomultiplier, and a compact gamma ray spectrometer. The RT-NADs use zirconium as the target activation material because Zr-90 (~50% of natural zirconium) reacts only with high- energy neutrons from DT fusion to produce Zr-89, which has a half-life of 3.2 days. The 909 keV decay gamma ray from Zr-89 hits the scintillator crystal, which emits a light pulse with a characteristic amplitude. The light pulse is converted to an electronic signal and amplified, where the spectrometer tallies the pulses: their times of arrival and the digitizer channel corresponding to the amplitude. The channel/time pair is an "event," which is sent from the spectrometer to its local controller. The local controller tallies all the events from the detector. Subsequently, analysis routines identify the characteristic Zr-89 events. The rate of Zr-89 events over time follows the 3.2-day half-life, so by extrapolating back to shot time the total number of neutrons incident on that detector from the shot is determined. A calibration shot of known yield and distribution is used to calibrate the system of 48 detectors. due to differences in port cover thickness, installation distance from target chamber center, and any other effect not coming from the physics target. Figure 3 . the circles show where the data points are taken and the color in between represents the fit of the data.
Neutrons from the shot immediately create the activation products. For a higher yield shot the overall activation background, mostly bromine activity within the LaBr3 scintillator crystal itself, precludes measurements due to high data rates. On high yield DT shots, good measurements of the initial Zr-89 activity can be made in a few hours. They can remain dormant while background activities decay and then produce their data when the background dies away. On lower yield shots, they can remain on during the shot to detect as many events as possible for the most precise result. The activation of the crystal fundamentally limits the time between shots for which the RT-NAD system can make measurements. 
TDO console
The RT-NAD system makes the same measurement as the FNAD system. It is more sensitive to neutrons because of the larger mass of target activation material used and its position directly over the measurement scintillator crystal. It can be used at maximum precision on shots with DT yields as low as 10 13 at a 6 m standoff from the neutron source. Additionally, RT-NAD makes the measurement without having to remove the activation material from the NIF target bay. Figure 5 describes the method for reducing the high volume of data that is extracted from the detectors post shot. It begins with the digiBase outputting data in list mode in bins of 1 ms intervals. Next those bins are summed over 1 min to generate an average of the total counts in that bin is stored. If the total number of events per second in the sum of all channels is above 2,500 that series of data is discarded. If the data is below that threshold the data is formatted and sent to the PI server for analyzing and long-term storage. One of the errors that occurs is a failed count retrieval or an average of zero counts from the digiBase due to prompt neutron upset from the shot. An automated recovery attempt is made and if that fails the Target Diagnostic Operators manually power cycle the detectors to begin collection of data. \M\MMINii .ii ----w Figure 6 . Schematic representation of diagnostic.
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SYSTEM DETECTOR LAYOUT
To achieve the optimal distribution of detectors around the target chamber it is necessary to located detectors on ports as well as with in the gunite that surrounds the target chamber. 4.5-inch diameter holes were drilled to a depth of 18 inches to remove gunite around the detector to reduce the neutron thermalization and allow the detector to operate efficiently. The final layout in shown below on the sinusoidal projection of the target chamber. Figure 7 . RT NAD layout-48 Detectors
